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ADDUCTS  OF  METABROMINATED 

PHENOLS  AND  POLYFUNCTIONAL  EPOXIDES 

The  p r e s e n t   i n v e n t i o n   p e r t a i n s   to  n o v e l   a d d u c t s  

of  m e t a b r o m i n a t e d   p h e n o l s   and  p o l y f u n c t i o n a l   e p o x y  

,-  r e s i n s   and  f o r m u l a t i o n s   c o n t a i n i n g   s a m e .  

E l e c t r i c a l   l a m i n a t e s   h a v e   b e e n   e n c a p s u l a t e d  

w i t h   f i r e   r e s i s t a n t   e n c a p s u l a t i n g   c o m p o n e n t s   c o n t a i n i n g  

as  t h e   r e s i n   p o r t i o n   t h e r e o f   b l e n d s   of  c r e s o l - f   o r m a l d e -  

10  hyde   n o v o l a c   e p o x y   r e s i n s   and  t h e   d i g l y c i d y l   e t h e r   o f  

t e t r a b r o m o b i s p h e n o l   A.  W h i l e   t h e   f o r m u l a t i o n s   p r e p a r e d  
f rom  t h e s e   b l e n d s   a r e   a d e q u a t e ,   t h e   b r o m i n e   t e n d s   t o  

h y d r o l y l z e   w h i c h   u l t i m a t e l y   l e a d s   to  c o r r o s i o n   of  t h e  

e l e c t r o n i c   p a r t   w h i c h   i s   e n c a p s u l a t e d   t h e r e i n .   I t   i s  

15  t h e r e f o r e   d e s i r a b l e   to  h a v e   f o r m u l a t i o n s   f o r   e n c a p s u -  

l a t i n g   e l e c t r i c a l   c o m p o n e n t s   in  w h i c h   the   f o r m u l a t i o n  

c o n t a i n s   a  b r o m i n a t e d   r e s i n   in  w h i c h   t h e   b r o m i n e   d o e s  

no t   h y d r o l y z e   as  r e a d i l y   as  in  t h e   d i g l y c i d y l   e t h e r   o f  

t e t r a b r o m o b i s p h e n o l   A .  
2 0  

The  p r e s e n t   i n v e n t i o n   p r o v i d e s   an  e p o x y   r e s i n  

f o r   use   in  e l e c t r i c a l   e n c a p s u l a t i o n   f o r m u l a t i o n s   w h i c h  

2 5  
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r e s u l t s   in   e n c a p s u l a t e d   o b j e c t s   h a v i n g   an  i m p r o v e m e n t  

in   one  or  m o r e   of   t h e   p r o p e r t i e s   s u c h   a s ,   m o i s t u r e  

a b s o r p t i o n ,   h y d r o l y z a b l e   b r o m i d e ,   d i e l e c t r i c   c o n s t a n t  

and   t h e   l i k e .  

5  
One  a s p e c t   of  t h e   p r e s e n t   i n v e n t i o n   p e r t a i n s   t o  

an  a d d u c t   p r e p a r e d   by  r e a c t i n g   (A)  a  m e t a b r o m i n a t e d  

m o n o p h e n o l   and   (B)  a  m u l t i f u n c t i o n a l   p o l y e p o x i d e   h a v i n g  

an  a v e r a g e   of  more   t h a n   two  e p o x i d e   g r o u p s   p e r  

10  m o l e c u l e ;   w h e r e i n   c o m p o n e n t s   (A)  and  (B)  a r e   e m p l o y e d  

"in  q u a n t i t i e s   w h i c h   p r o v i d e   a  r a t i o   of  p h e n o l i c  

h y d r o x y l   g r o u p s   to   e p o x i d e   g r o u p s   of  f r o m   0 . 0 5 : 1   t o  

0 . 5 : 1 ,   p r e f e r a b l y   f r o m   0 . 0 7 : 1   to  0 . 3 5 : 1 ,   m o s t  

p r e f e r a b l y   f r o m   0 . 1 : 1   to   0 . 2 : 1 .  
15 

A n o t h e r   a s p e c t   of  t h e   p r e s e n t   i n v e n t i o n  

p e r t a i n s   to   a  c o m p o s i t i o n   c o m p r i s i n g   (A)  a  g l y c i d y l  

e t h e r   of   a  m e t a b r o m i n a t e d   m o n o p h e n o l   and   (B)  a  

p o l y e p o x i d e   h a v i n g   an  a v e r a g e   of   more   t h a n   one   v i c i n a l  

e p o x i d e   g r o u p   p e r   m o l e c u l e ;   w h e r e i n   c o m p o n e n t s   (A)  a n d  

(B)  a r e   e m p l o y e d   in   q u a n t i t i e s   w h i c h   p r o v i d e   t h e  

r e s u l t a n t   m i x t u r e   w i t h   a  b r o m i n e   c o n t e n t   of   f r o m   2  t o  

20 ,   p r e f e r a b l y   f r o m   5  to   15,  m o s t   p r e f e r a b l y   f r o m   7  t o  

2t-  12  p e r c e n t   by  w e i g h t .  

A n o t h e r   a s p e c t   of  t h e   p r e s e n t   i n v e n t i o n  

p e r t a i n s   to   an  e n c a p s u l a t i n g   f o r m u l a t i o n   w h i c h  

c o m p r i s e s  

3°  ( i )   t h e   a f o r e m e n t i o n e d   a d d u c t   or   t h e   a f o r e -  

m e n t i o n e d   c o m p o s i t i o n ;   a n d  

( I I )   a  c u r i n g   a m o u n t   of  a  c u r i n g   a g e n t   f o r  

c o m p o n e n t   ( I ) .  
3 5  
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A  f u r t h e r   o b j e c t   of  t h e   p r e s e n t   i n v e n t i o n  
p e r t a i n s   to  t h e   c u r e d   a f o r e m e n t i o n e d   e n c a p s u l a t i n g  
f o r m u l a t i o n .  

5  Any  m u l t i f u n c t i o n a l   e p o x y   r e s i n   w h i c h   h a s   a n  
a v e r a g e   v i c i n a l   e p o x i d e   f u n c t i o n a l i t y   of  g r e a t e r   t h a n   1 
or  2  as  i n d i c a t e d   can   be  e m p l o y e d   in  t h e   p r e s e n t  
i n v e n t i o n .   I t   i s   p r e f e r r e d ,   h o w e v e r ,   t h a t   t h e   e p o x y  
r e s i n   h a v e   an  e p o x i d e   f u n c t i o n a l i t y   of  g r e a t e r   t h a n   3 

10  w h e r e   m u l t i f u n c t i o n a l   e p o x y   r e s i n s   a r e   e m p l o y e d .  
' S u i t a b l e   e p o x y   r e s i n s   i n c l u d e ,   f o r   e x a m p l e ,   t h o s e  
r e p r e s e n t e d   by  t h e   f o l l o w i n g   f o r m u l a s   I,   I I ,   m ,   i v  
and  V  or  a  c o m b i n a t i o n   t h e r e o f .  

15 
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w h e r e i n   e a c h   A  i s   i n d e p e n d e n t l y   a  d i v a l e n t   h y d r o c a r b y l  

g r o u p   h a v i n g   f r o m   1  to   12,  p r e f e r a b l y   f r o m   1  to  6  ,  m o s t  

p r e f e r a b l y   f r o m   1  to   3  c a r b o n   a t o m s ;   R  i s   h y d r o g e n   or   a  

m o n o v a l e n t   h y d r o c a r b y l   g r o u p   h a v i n g   f r o m   1.  to  1 2 ,  

5  p r e f e r a b l y   f r o m   1  to   6,  m o s t   p r e f e r a b l y   f r o m   1  to   3 

c a r b o n   a t o m s ;   e a c h   R'  i s   i n d e p e n d e n t l y   h y d r o g e n   or   a n _  

a l k y l   g r o u p   h a v i n g   f r o m   1  to  4  c a r b o n   a t o m s ;   e a c h   X  i s  

i n d e p e n d e n t l y   h y d r o g e n ,   a  m o n o v a l e n t   h y d r o c a r b y l   g r o u p  

or  h y d r o c a r b y l o x y   g r o u p   h a v i n g   f r o m   1  to  12,  p r e f e r a b l y  

10  f r o m   1  to   6,  m o s t   p r e f e r a b l y   f r o m   1  to   3  c a r b o n   a t o m s  

or  a  h a l o g e n   a t o m ;   m  has   a  v a l u e   of  z e r o   or  1;  m'  h a s   a  

v a l u e   f r o m   z e r o   to   10,  p r e f e r a b l y   f r o m   0 . 0 3   to  6,  m o s t  

p r e f e r a b l y   f r o m   0 . 0 3   to  3;  n  h a s   an  a v e r a g e   v a l u e   f r o m  

1 . 0 1   to   12,  p r e f e r a b l y   f rom  1  to   6  and  n!  h a s   a n  
15  

a v e r a g e   v a l u e   f r o m   1  to   12,  p r e f e r a b l y   f r o m   1  to   6  . 

The  t e r m   h y d r o c a r b y l   as  e m p l o y e d   h e r e i n  

i n c l u d e s ,   a l k y l ,   c y c l o a l k y l ,   a r y l ,   a r a l k y l ,   a l k a r y l ,  

a l k e n y l   and   t h e   l i k e .   L i k e w i s e ,   t h e   t e r m   h y d r o c a r -  
20  

b y l o x y   as  e m p l o y e d   h e r e i n   i n c l u d e s ,   a l k y l o x y ,   c y c l o -  

a l k y l o x y ,   a r y l o x y ,   a r a l k y l o x y ,   a l k a r y l o x y ,   a l k e n y l o x y  

and  t h e   l i k e .   -  * 

P a r t i c u l a r l y   s u i t a b l e   e p o x y   r e s i n s   w h i c h   c a n  
25  

be  e m p l o y e d   h e r e i n   a r e   t h e   c r e s o l - f o r m a l d e h y d e   e p o x y  

n o v o l a c   r e s i n s .  

S u i t a b l e   m e t a b r o m i n a t e d   p h e n o l s   w h i c h   can   b e  

e m p l o y e d   h e r e i n   i n c l u d e ,   f o r   e x a m p l e ,   t h o s e   r e p r e s e n t e d  

by  t h e   f o l l o w i n g   f o r m u l a   V I  

w h e r e i n   X1,  x3  and   X4  a r e   i n d e p e n d e n t l y   h y d r o g e n   or  a  

m o n o v a l e n t   h y d r o c a r b y l   or  h y d r o c a r b y l o x y   g r o u p   h a v i n g  

f r o m   1  to   12,  p r e f e r a b l y   f r o m   1  to   6,  m o s t   p r e f e r a b l y  
35  

f r o m   1  to   4,  c a r b o n   a t o m s   and  X2  i s   h y d r o g e n ,   b r o m i n e  

3 4 , 5 9 5 - F   - 6 ~  
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10 

or  a  m o n o v a l e n t   h y d r o c a r b y l   g r o u p   or   h y d r o c a r b y l o x y  
g r o u p   h a v i n g   f r o m   1  to  12,  p r e f e r a b l y   f r o m   1  to  6,  m o s t  
p r e f e r a b l y   f r o m   1  to  4,  c a r b o n   a t o m s .   P a r t i c u l a r l y  
s u i t a b l e   m e t a b r o m i n a t e d   p h e n o l s   i n c l u d e ,   f o r   e x a m p l e ,  
3  ,  5 - d i b r o m o - 2   ,  4  ,  6 - t r   i m e t h y l p h e n o l   ,  3 - b r o m o - 2   ,  4  ,  6 - t r   i -  
m e t h y l p h e n o l ,   3 , 5 - d i b r o m o p h e n o l   ,  3 - b r o m o p h e n o l   ,  3 -  
b r o m o - 2   , 4 , 5 ,   6 - t e t r a m e t h y l p h e n o l   ,  3  ,  5 - d i b r o m o - 2   , 4 , 6 -  
t r i e t h y l p h e n o l   ,  3 - b r o m o - 2   ,  4  ,  6 - t r   i e t h y l p h e n o l   , 
c o m b i n a t i o n s   t h e r e o f   and  t h e   l i k e .  

The  m e t a b r o m i n a t e d   p h e n o l s   can   be  p r e p a r e d   b y  
t h e   b r o m i n a t i o n   of  t h e   c o r r e s p o n d i n g   n o n - b r o m i n a t e d  
p h e n o l s .  

The  a d d u c t s   or  c o m p o s i t i o n s   of  t h e   p r e s e n t  
i n v e n t i o n   can   be  c u r e d   w i t h   any   e p o x y   r e s i n   c u r i n g  
a g e n t   s u c h   a s ,   f o r   e x a m p l e ,   p r i m a r y   and  s e c o n d a r y  
a m i n e s ,   p o l y c a r b o x y l i c   a c i d s   and   a n h y d r i d e s   t h e r e o f ,  
m a t e r i a l s   c o n t a i n i n g   an  a v e r a g e   of  more   t h a n   o n e  
a r o m a t i c   h y d r o x y l   g r o u p   p e r   m o l e c u l e ,   a m i d e s ,   s u l f o n e s ,  
s u l f o n a m i d e s ,   p o l y h y d r i c   p h e n o l s ,   p h e n o l - a l d e h y d e  
n o v o l a c   r e s i n s ,   c o m b i n a t i o n s   t h e r e o f   and  t h e   l i k e .  
P a r t i c u l a r l y   s u i t a b l e   c u r i n g   a g e n t s   i n c l u d e   t h e   p h e n o l -  

15 
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a l d e h y d e   n o v o l a c   r e s i n s ,   p a r t i c u l a r l y   t h e   p h e n o l -  

f o r m a l d e h y d e   n o v o l a c   r e s i n s .  

The  c u r i n g   a g e n t   can   be  e m p l o y e d   in   a m o u n t s  

w h i c h   c o r r e s p o n d   to   e i t h e r   l e s s   t h a n '   or  g r e a t e r   t h a n  
5  

s t o i c h i o m e t r i c   q u a n t i t i e s ,   i . e .   f r o m   l e s s   t h a n   o n e  

e q u i v a l e n t   of  c u r i n g   a g e n t   p e r   e p o x i d e   e q u i v a l e n t   t o  

m o r e   t h a n   one   e q u i v a l e n t   of  c u r i n g   a g e n t   p e r   e p o x i d e  

e q u i v a l e n t .  

10  
In  a d d i t i o n   to  t h e   e p o x y   r e s i n   a d d u c t   and   t h e  

c u r i n g   a g e n t   t h e r e f o r ,   t h e   e n c a p s u l a t i n g   f o r m u l a t i o n s  

of  t h e   p r e s e n t   i n v e n t i o n   can   a l s o   c o n t a i n ,   i f   d e s i r e d ,  

f i l l e r s ,   p i g m e n t s ,   d y e s ,   f l o w   c o n t r o l   a g e n t s ,   s u r f a c -  

15  t a n t s ,   l e v e l i n g   a g e n t s ,   f l a m e   r e t a r d a n t   a g e n t s ,   r e i n -  

f o r c i n g   m a t e r i a l s ,   p l a s t i c i z e r s ,   e x t e n d e r s ,   m o l d  

r e l e a s e   a g e n t s ,   c o m b i n a t i o n s   t h e r e o f   and  t h e   l i k e .  

The  f o l l o w i n g   e x a m p l e s   a r e   i l l u s t r a t i v e   of  t h e  

20  p r e s e n t   i n v e n t i o n .  

EXAMPLE  1  
_ 

F o u r   h u n d r e d   g r a m s   (2  e p o x y   e q u i v . )   of   a  

c r e s o l - f o r m a l d e h y d e   e p o x y   n o v o l a c   r e s i n   h a v i n g   a n  

a v e r a g e   f u n c t i o n a l i t y   of   5 . 5   and  c o n t a i n i n g   92  p a r t s  

p e r   m i l l i o n   (ppm)   h y d r o l y z a b l e   c h l o r i d e   and   882  ppm 

t o t a l   c h l o r i d e   by  w e i g h t   was  d i s s o l v e d   in   400  g  of  a  

7 5 / 2 5   by  w e i g h t   m i x t u r e   of  m e t h y l   e t h y l   k e t o n e / t o l u e n e .  

30  T h e n ,   88  g  ( 0 . 2 9 9   p h e n o l i c   h y d r o x y l   e q u i v . )   of   3 , 5 - d i -  

b r o m o - 2 , 4 , 6 - t r i m e t h y l p h e n o l   and  1 .2   g  of  p o l y e t h y l e n e  

g l y c o l   h a v i n g   an  a v e r a g e   m o l e c u l a r   w e i g h t   of   400  w e r e  

a d d e d   to   t h e   s o l u t i o n   and   t h e   s o l u t i o n   was  h e a t e d   t o  

80°C  w i t h   s t i r r i n g .   T h e n , _   2 ^   g  of  45£  a q u e o u s  

35  p o t a s s i u m   h y d r o x i d e   (2  e q u i v .   of  kOH  p e r   e q u i v .   of  C l )  

was  a d d e d   a l l   a t   o n c e   and   t h e   r e a c t i o n   m i x t u r e   w a s  

3 4 , 5 9 5 - F '   - 8 -  
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m a i n t a i n e d   a t   80°C  f o r   6  h o u r s .   The  r e a c t i o n   m i x t u r e  
was  d i l u t e d   to  20$  n o n - v o l i t i l e s   by  w e i g h t   w i t h   t h e  
a f o r e m e n t i o n e d   7 5 / 2 5   m e t h y l   e t h y l   k e t o n e / t o l u e n e  
s o l v e n t   m i x t u r e ,   n e u t r a l i z e d   w i t h   c a r b o n   d i o x i d e   a n d  

5  t h e n   w a s h e d   s e v e r a l   t i m e s   w i t h   w a t e r   to  r e m o v e   t h e   K C 1 .  
The  o r g a n i c   p h a s e   f r o m   t h e   w a s h e s   was  p l a c e d   in  a  
r o t a r y   e v a p o r a t o r   u n d e r   a  f u l l   v a c u u m   and  h e a t e d   a t  
16O°C  to  c o m p l e t e l y   r e m o v e   t h e   s o l v e n t .   A  y e l l o w   s o l i d  
h a v i n g   a  v i s c o s i t y   of  363  c e n t i s t o k e s   ( 3 . 6 3 ~ 4   m 2 / s )   a t  
150°C,  9 . 9 5   wt .   %  b r o m i n e ,   11  ppm  h y d r o l y z a b l e   c h l o r i d e  
and  556  ppm  t o t a l   c h l o r i d e   was  o b t a i n e d .  

EXAMPLE  2 

15  A  3 . 6   f u n c t i o n a l   p h e n o l - f o r m a l d e h y d e   e p o x y  
n o v o l a c   ( 1 0 0   g r a m s ,   0 . 5 7   e p o x y   e q u i v . )   c o n t a i n i n g   6 8  
ppm  h y d r o l y z a b l e   c h l o r i d e   and  1136  ppm  t o t a l   c h l o r i d e  
was  r e a c t e d   w i t h   25  g r a m s   ( 0 . 0 8 5   p h e n o l i c   h y d r o x y l  
e q u i v . )   of  3 , 5 - d i b r o m o - 2 ,   4  , 6 - t r i m e t h y l p h e n o l   by  t h e  
p r o c e d u r e   of  E x a m p l e   1.  The  r e s u l t a n t   p r o d u c t   was  a  
y e l l o w   s o l i d   c o n t a i n i n g   10 .5   w e i g h t   p e r c e n t   b r o m i n e ,   7 
ppm  h y d r o l y z a b l e   c h l o r i d e   and  744  ppm  t o t a l   c h l o r i d e .  

EXAMPLE  3 
2 5  

A  t r i g l y c i d y l   e t h e r   of  t r i h y d r o x y p h e n y l   m e t h a n e  
h a v i n g   an  a v e r a g e   f u n c t i o n a l i t y   of  3.  4  (100   g r a m s ,  
0 . 6 4 5   e p o x y   e q u i v . )   c o n t a i n i n g   176  ppm  h y d r o l y z a b l e  
c h l o r i d e   and  1349  ppm  t o t a l   c h l o r i d e   was  r e a c t e d   w i t h  
22  g r a m s   ( 0 . 0 7 5   p h e n o l i c   e q u i v . )   of  3 , 5 - d i b r o m o - 2 ,   4 , 6 -  
t r i m e t h y l p h e n o l   by  t he   p r o c e d u r e   of   E x a m p l e   1.  T h e  
r e s u l t a n t   p r o d u c t   was  a  y e l l o w   s o l i d   c o n t a i n i n g   9 . 5 8  
w e i g h t   p e r c e n t   b r o m i n e ,   11  ppm  h y d r o l y z a b l e   c h l o r i d e  

25  and  972  ppm  t o t a l   c h l o r i d e .  
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EXAMPLE  4 

A  d i c y c l o p e n t a d i e n e - p h e n o l   e p o x y   n o v o l a c   h a v i n g  

an  a v e r a g e   f u n c t i o n a l i t y   of   3 . 2   (100   g r a m s ,   0 . 4 4 1   e p o x y  

e q u i v . )   c o n t a i n i n g   286  ppm  h y d r o l y z a b l e   c h l o r i d e   a n d  

2496   ppm  t o t a l   c h l o r i d e   was  r e a c t e d   w i t h   25  g r a m s  

( 0 . 0 8 5   p h e n o l i c   e q u i v . )   of  3 , 5 - d i b r o m o - 2 , 4 , 6 -  

t r i m e t h y l p h e n o l   by  t h e   p r o c e d u r e   of  E x a m p l e   1.  T h e  

r e s u l t a n t   p r o d u c t   was  an  o r a n g e   s o l i d   c o n t a i n i n g   8 . 6  

10  w e i g h t   p e r c e n t   b r o m i n e ,   16  ppm  h y d r o l y z a b l e   c h l o r i d e  

and   643  ppm  t o t a l   c h l o r i d e .  

EXAMPLE  5 

A.  E o o x i d a t i o n   of   3 , 5 - d i b r o m o - 2 . 4 , 6 - t r i m e t h v l p h e n o l  

To  a  2 - l i t e r   r e a c t i o n   v e s s e l   e q u i p p e d   w i t h  

t e m p e r a t u r e   and   p r e s s u r e   c o n t r o l   and  i n d i c a t i n g   m e a n s ,  

a  m e a n s   f o r   t h e   c o n t i n u o u s   a d d i t i o n   of  a q u e o u s   s o d i u m  

h y d r o x i d e ,   a  m e a n s   f o r   c o n d e n s i n g   and  s e p a r a t i n g   w a t e r  
20  

f r o m   a  c o - d i s t i l l a t e   m i x t u r e   of  w a t e r ,   s o l v e n t   a n d  

e p i c h l o r o h y d r i n   and   m e a n s   f o r   r e t u r n i n g   t h e   s o l v e n t   a n d  

e p i c h l o r o h y d r i n   to   t h e   r e a c t i o n   v e s s e l   was  a d d e d   3 1 5 . 5 g  

( 1 . 0 7   p h e n o l i c   h y d r o x y l   e q u i v . )   of  3 , 5 - d i b r o m o - 2 , 4 , 6 -  

25  t r i m e t h y l p h e n o l   and   695  g  ( 7 . 5 1 7   m o l e s )   of  e p i c h l o r o -  

h y d r i n   and   464  g  of  t h e   m e t h y l   e t h e r   of  p r o p y l e n e  

g l y c o l   ( 1 - m e t h y l - 2 - h y d r o x y - p r o p a n e )   as  a  s o l v e n t .  

A f t e r   s t i r r i n g   a t   room  t e m p e r a t u r e   and  a t m o s p h e r i c  

p r e s s u r e   to   t h o r o u g h l y   mix   t h e   c o n t e n t s ,   t h e   t e m p e r a -  

30  t u r e   was  r a i s e d   to  55°C  and   t h e   p r e s s u r e   was  r e d u c e d   t o  

105  mm  Hg  a b s o l u t e .   To  t h e   r e s u l t a n t   s o l u t i o n   w a s  

c o n t i n u o u s l y   a d d e d   8 5 . 9   g  ( 1 . 0 7 3 9   m o l e s   of  50%  a q u e o u s  

s o d i u m   h y d r o x i d e   s o l u t i o n   a t   a  c o n s t a n t   r a t e   o v e r   a  

p e r i o d   of   3 . 2 5   h o u r s .   D u r i n g   t h e   a d d i t i o n   of  t h e  

s o d i u m   h y d r o x i d e ,   t h e   w a t e r   was  r e m o v e d   by  c o -  
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d i s t i l l i n g   w i t h   e p i c h l o r o h y d r i n   and   s o l v e n t .   T h e  
d i s t i l l a t e   was  c o n d e n s e d   t h e r e b y   f o r m i n g   two  d i s t i n c t  
p h a s e s ,   an  a q u e o u s   p h a s e   ( t o p )   and   an  o r g a n i c ,  
e p i c h l o r o h y d r i n - s o l v e n t   p h a s e   ( b o t t o m ) .   The  o r g a n i c  

5  p h a s e   was  c o n t i n u o u s l y   r e t u r n e d   to   t h e   r e a c t o r .   A f t e r  
c o m p l e t i o n   of  t h e   s o d i u m   h y d r o x i d e   a d d i t i o n ,   t h e  
r e a c t i o n   m i x t u r e   was  m a i n t a i n e d   a t   a  t e m p e r a t u r e   of  55°C 
and  a  p r e s s u r e   of   105  mm  Hg  a b s o l u t e   f o r   an  a d d i t i o n a l  
30  m i n u t e s .   The  r e s u l t i n g   g l y c i d y l   e t h e r   was  t h e n  
d i s t i l l e d   u n d e r   f u l l   vacuum  and  t e m p e r a t u r e   up  to  170°C 
to  r e m o v e   a l l   e p i c h l o r o h y d r i n   and   1 - m e t h o x y - 2 - h y d r o x y  

p r o p a n e .   The  m o l t e n   g l y c i d y l   e t h e r   p r o d u c t   was  d i l u t e d  
to  2O5S  by  w e i g h t   r e s i n   c o n c e n t r a t i o n   w i t h   a  7 5 / 2 5  

ig  m e t h y l   e t h y l   k e t o n e / t o l u e n e   s o l v e n t   m i x t u r e   and  t h e n  
w a s h e d   w i t h   w a t e r   s e v e r a l   t i m e s   to   r e m o v e   NaCl  .  T h e  
o r g a n i c   p h a s e   f r o m   t h e   w a t e r   w a s h e s   was  p l a c e d   in  a  
r o t a r y   e v a p o r a t o r   u n d e r   a  f u l l   v a c u u m   and  a  t e m p e r a t u r e  
of  170°C  to  r e m o v e   t h e   s o l v e n t   c o m p l e t e l y .   A  g l y c i d y l  

20  e t h e r   p r o d u c t   h a v i n g   an  e p o x i d e   c o n t e n t   of  1 2 . 2 1  

p e r c e n t ,   c o n t a i n i n g   36  ppm  h y d r o l y z a b l e   c h l o r i d e ,   6 0 1  

ppm  t o t a l   c h l o r i d e ,   46.   4  w e i g h t   p e r c e n t   b r o m i n e   and  a  
M e t t l e r   s o f t e n i n g   p o i n t   of  102°C  was  o b t a i n e d .  

25  B.  B l e n d i n g   of  C r e s o l   Epoxy  N o v o l a c   and  G l y c i d y l   E t h e r  
of   3  ,  5 - d i b r o m o - 2   ,  4  ,  6 - t r i m e   t h y   1  p h e n o l  

3 7 . 7   g r a m s   ( 0 . 1 0 8   e p o x y   e q u i v . )   of  t h e   g l y c i d y l  
e t h e r   of  3 , 5 - d i b r o m o - 2 , 4 , 6 - t r i m e t h y l p h e n o l   p r e p a r e d   i n  

30  E x a m p l e   5-A  a b o v e   and  164 .1   g  ( 0 . 8 2   p h e n o l i c   h y d r o x y l  
e q u i v . )   of  a  c r e s o l - f o r m a l d e h y d e   e p o x y   n o v o l a c   r e s i n  

h a v i n g   an  a v e r a g e   f u n c t i o n a l i t y   of  6  w e r e   m e l t   b l e n d e d  
to  p r o v i d e   a  m i x t u r e   w i t h   a  b r o m i n e   c o n t e n t   of   8 . 6  

w e i g h t   p e r c e n t .  
3 5  
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EX  AMPLE  6 

E a c h   of   t h e   p r o d u c t s   of  E x a m p l e s   1-5  a n d   a  

c o n t r o l   r e s i n   w e r e   f o r m u l a t e d   i n t o   an  e l e c t r i c a l  

e n c a p s u l a t i n g   f o r m u l a t i o n .   The  f o r m u l a t i o n s   w e r e   c u r e d  

a t   175°C  f o r   4  h o u r s   and   t h e n   t e s t e d   f o r   h y d r o l y z a b l e  

h a l i d e   c o n t e n t   a f t e r   r e f l u x i n g   t h e   s a m p l e s   in  3N  KOH  i n  

-  d i o x a n e   f o r   30  m i n u t e s   a t   90°C;  m o i s t u r e   a b s o r p t i o n   a n d  

d i e l e c t r i c   c o n s t a n t .   The  e n c a p s u l a t i n g   f o r m u l a t i o n s  

10  a r e   g i v e n   in   T a b l e   I  w h i l e   t h e   r e s u l t s   a r e   g i v e n   i n  

T a b l e s   I I ,   I I I   and   I V .  

The  p r o p e r t i e s   of   t h e   c u r e d   e n c a p s u l a t i n g  

f o r m u l a t i o n s   w e r e   d e t e r m i n e d   by  t h e   f o l l o w i n g   m e t h o d s .  

15. 
HYDROLYZABLE  HALIDE 

The  s a m p l e   to  be  a n a l y z e d   was  s a p o n i f i e d   by  a  

KOH  r e f l u x   and   t h e   r e s u l t i n g   e x t r a c t e d   h a l i d e s   w e r e  

t i t r a t e d   a r g e n t o m e t r i c a l l y   by  a  p o t e n t i o m e t r i c  

t e c h n i q u e   as  f o l l o w s .   A  s a m p l e   (2  g)  was  w e i g h e d   i n t o  

a  250  E r l e n m e y e r   f l a s k ,   30  ml  of   d i o x a n e   a d d e d   a n d  

s t i r r e d   u n t i l   t h e   s a m p l e   h a s   d i s s o l v e d .   A  h e a t   s o u r c e  

was  p r e s e t   w h i c h   p e r m i t t e d   t h e   s a m p l e   to  b e g i n   r e f l u x  

25  in   4 -6   m i n u t e s .   30  ml  of  3N  e t h a n o l i c   KOH  s o l u t i o n   w a s  

a d d e d   and  t h e n   a  c o n d e n s e r   was  a t t a c h e d   to  t h e   f l a s k  

and   h e a t e d   to   r e f l u x   w i t h   c o n s t a n t   s t i r r i n g .   R e f l u x e d  

30  m i n u t e s   t i m e d   f r o m   when  t h e   f i r s t   c o n d e n s e d   d r o p   o f  

l i q u i d   f e l l   b a c k   i n t o   t h e   f l a s k   f r o m   t h e   c o n d e n s e r .   2 0  

30  ml  of   20$  n i t r i c   a c i d   w e r e   a d d e d   i n .   50  ml  o f  

d e i o n i z e d   w a t e r   w e r e   a d d e d ,   t h e n   t h e   s o l u t i o n   c o o l e d  

to   room  t e m p e r a t u r e .   The  i o n   m e t e r   was  c a l i b r a t e d   t o  

r e a d   0  mv  a g a i n s t   a  NaCl   r e f e r e n c e   s o l u t i o n .   T h e  

s a m p l e   m i x t u r e   was  t i t r a t e d   w i t h   s t a n d a r d i z e d   s i l v e r  

n i t r a t e   s o l u t i o n   m a k i n g   s u r e   t h a t   t h e   s a m p l e   m i x t u r e  
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was  s p i n n i n g   and  t he   e l e c t r o d e s   we re   f r e e   of  r e s i n .  
From  t h e   v o l u m e   of  t i t r a n t   u s e d ,   t h e   h y d r o l y z a b l e  
c h l o r i d e   and  h y d r o l y z a b l e   b r o m i d e   w e r e   c a l c u l a t e d .  

5  MOISTURE  ABSORPTION 

The  m o i s t u r e   p i c k - u p   was  d e t e r m i n e d   by  p l a c i n g  
w e i g h e d   3  mm  x  0 . 3   mm  x  160  mm  c u r e d   c o u p o n s   in  b o i l i n g  
w a t e r   f o r   20,   40,   100  and  130  h o u r s .   The  c o u p o n s   w e r e  

10  t h e n   r e m o v e d ,   c o o l e d   a t   a m b i e n t   t e m p e r a t u r e   (25°C)   f o r  
•15-30   m i n u t e s   and  t h e n   the   c o u p o n s   we re   w i p e d   d r y   a n d  
w e i g h e d .  

DIELECTRIC  CONSTANT 

15 
The  d i e l e c t r i c   c o n s t a n t   was  d e t e r m i n e d   by  t h e  

u s e   of  a  Gen  Rad  1689  b r i d g e   and   LD-3  c e l l .   C o u p o n s  
a p p r o x i m a t e l y   3"  x  3"  x  1 / 8 "   ( 7 6 . 2   mm  x  7 6 . 2   mm  x  3 . 2  
mm)  w e r e   c u t   f r o m   e a c h   c l e a r   c a s t i n g   and  m e a s u r e d   w i t h  

20  t h e   Gen  Rad  1689  b r i d g e   and  LD-3  c e l l   a t   a m b i e n t  
t e m p e r a t u r e .   The  f r e q u e n c y   u s e d   was  1  x  io3  H z .  

5 

10 

2 5  

3 0  

35  
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Tf tBLEI 

COMPONENT  1  *  2  2_ 

Epoxy  Res in   C o n t r o l 1 /   E x . 1 /   Ex .2 /   Ex .3 /   E x . 4 /   E x . 5 B /  

t y p e / g   201.8  175.9  166.7  182.7  201.8  2 0 1 . 8  

C r e s o l f o r m a l -  
dehyde  Epoxy 
N o v o l a c 2 , g   0  25.9  35.1  19.1  0  0 

I Z H $ .   
a  82.7  82.7  82.7  82.7  82.7  8 2 . 7  

dehyde  Epoxy 
N o v o l a c 2 , g   0 

C u r i n g  
Agent3,   g  8 2 . 7  

2  -Me  thy  1 -  
i m i d a z o l e   10% 
by  wt.  i n  
c u r i n g  
a g e n t ,   g  8 . 5  

Mold  r e l e a s e  
a g e n t 4 ,   g  4 . 0  

Epoxy 
S i l a n e 5 ,   g  4 . 0  

Fused  s i l i c a ,  
g  6 8 5 .  

Ant imony  
Oxide,   g  1 0 . 0  

C a r b o n  
Black ,   g  4 . 0  

UUL  illy  _  r.  r- 
a g e n t , g   8.5  8.5  8.5  8.5  8.5  8 . 5  

Hold  r e l e a s e  
a g e n t 4 ,   g  4.0  4.0  4.0  4.0  4.0  4 . 0  

Epoxy  . .  
S i l a n e 5 ,   g  4.0  4.0  4.0  4.0  4.0  4 . 0  

Fused  s i l i c a ,   ,__  „ 
g  685.0  685.0  685.0  685.0  685.0  6 8 5 . 0  

Ant imony  
Oxide,   g  10.0  10.0  10.0  10.0  10.0  1 0 . 0  

C a r b o n  
Black ,   g  4.0  -  4.0  4.0  4.0  4.0  4 . 0  

%  Bromine  i n  
F o r m u l a t i o n   1.75  1.75  1.75  1.75  1.75  1 . 7 5  

3 0  

3 5  
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F00TN0TES  FOR  TABLE  I  

*Not   an  e x a m p l e   of  t h e   p r e s e n t   i n v e n t i o n .  

1The  c o n t r o l   e p o x y   r e s i n   was  a  b l e n d   of   165  g  of  a  
c r e s o l   e p o x y   n o v o l a c   h a v i n g   an  a v e r a g e   f u n c t i o n a l i t y  
of   6  and  36.   8g  of  a  d i g l y c i d y l   e t h e r   of  a  . 
t e t r a b r o m o b i s p h e n o l   A  h a v i n g   an  e p o x i d e   e q u i v a l e n t  

w e i g h t   of  3 4 0 .  

10  ? ^The  c r e s o l - f   o r m a l d e h y d e   e p o x y   n o v o l a c   r e s i n   had   a  

f u n c t i o n a l i t y   of  6  and  an  EEW  of  2 0 0 .  

^The  c u r i n g   a g e n t   was  a  p h e n o l - f o r m a l d e h y d e   n o v o l a c  

r e s i n   h a v i n g   an  a v e r a g e   f u n c t i o n a l i t y   of  6  and  a  
15 

p h e n o l i c   h y d r o x y l   e q u i v .   wt .   of  1 0 4 . 5 .  

4The  mold   r e l e a s e   a g e n t   was  c a r n a u b a   wax  a v a i l a b l e   f r o m  

H o e c h s t .  

20  ^The   Epoxy   S i l a n e   was  Z - 6 0 4 0   a v a i l a b l e   f r o m   Dow  C o r n i n g  

C o r p .  

TABLE  I I  
HYDROLYZABLE  HALIDE  ANALYSIS 

25  SAMPLE  HYDROLYZABLE  HYDROLYZABLE SAMPLE  HYDROLYZABLE  HYDROLYZABLE 
NUMBER  CHLORIDE,  PPM  BROMIDE,  PPM 

1*  240  180 

2  215  0 

3  235  0 

4  236  0 

5  240  0 

6  239  0 

3 0  

*Not  an  exmaple  of  the  p r e s e n t   i n v e n t i o n .  

3 4 , 5 9 5 - F   - 1 5 -  
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TABLE  I I I  
MOISTURE  ABSORPTION 

SAMPLE 
NUMBER  20  Hrs.  40  Hrs  100  Hrs.  130  H r s .  

1*  0.8  0.867  0.95  1 . 0  

2  0.75  0.82  0.9  0 . 9 5  

3  0.74  0.81  0.91  0 . 9 6  

4  0.8  0.86  0.95  1 . 0  

5  0.3  0.35  0.37  0 . 4  

6  0.75  0.81  0.89  0 . 9 3  
10 

*Not  an  example  of  the  p r e s e n t   i n v e n t i o n .  

TABLE  IV 

SAMPLE  DIELECTRIC 
NUMBER  CONSTANT 

1  4 . 6 7  

2  4 . 6 1  

3  4 . 1 2  

4  4 . 0 5  

5  3 . 8 3  

6  4 . 6 0  

15 

2 0  

25  *Not  an  example  of  the  p r e s e n t   i n v e n t i o n .  

3 0  

TC  ,_  . 
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1.  An  a d d u c t   p r e p a r e d   by  r e a c t i n g   (A)  a  
m e t a b r o m i n a t e d   m o n o p h e n o l   and  (B)  a  m u l t i f u n c t i o n a l  
p o l y e p o x i d e   h a v i n g   an  a v e r a g e   of   more   t h a n   two  v i c i n a l  
e p o x i d e   g r o u p s   pe r   m o l e c u l e ;   w h e r e i n   c o m p o n e n t s   (A)  a n d  
(B)  a r e   e m p l o y e d   in  q u a n t i t i e s   w h i c h   p r o v i d e   a  r a t i o   o f  
p h e n o l i c   h y d r o x y l   g r o u p s   to  e p o x i d e   g r o u p s   of  f r o m  
0 . 0 5 : 1   to  0 . 5 : 1 .  

5 

2.  An  a d d u c t   of  C l a i m   1  w h e r e i n   c o m p o n e n t s  
(A)  and   (B)  a r e   e m p l o y e d   in  q u a n t i t i e s   w h i c h   p r o v i d e   a  
r a t i o   of  p h e n o l i c   h y d r o x y l   g r o u p s   to   e p o x i d e   g r o u p s   o f  
f r o m   0 . 1 : 1   to  0 . 2 : 1 .  

10 

3.  An  a d d u c t   of  C l a i m   2.  w h e r e i n   c o m p o n e n t   ( A )  
i s   3 , 5 - d i b r o m o - 2 , 4 , 6 - t r i m e t h y l p h e n o l ,   3 - b r o m o - 2 , 4 , 6 -  
t r i m e t h y l p h e n o l ,   3 , 5 - d i b r o m o p h e n o l   ,  3 - b r o m o - p h e n o l ,  

^   
3 - b r o m o - 2 , 4 , 5 , 6 - t e t r a m e t h y l p h e n o l ,   3 , 5 - d i b r o m o - 2 , J | , 6 -  
t r i e t h y l p h e n o l ,   3 - b r o m o - 2 , 4 , 6 - t r i e t h y l p h e n o l   or  a  
c o m b i n a t i o n   t h e r e o f   and  c o m p o n e n t   (B)  i s   an  e p o x y   .  , '  
n o v o l a c   r e s i n   or  a  t r i g l y c i d y l e t h e r   of  t r i h y d r o x y p h e n y l  
m e t h a n e .  

2 0  
4.  A  c o m p o s i t i o n   c o m p r i s i n g   (A)  a  g l y c i d y l  

e t h e r   of  a  m e t a b r o m i n a t e d   m o n o p h e n o l   and  (B)  a  p o l y -  
e p o x i d e   h a v i n g   an  a v e r a g e   of  more   t h a n   one  v i c i n a l  

2 5  
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e p o x i d e   g r o u p   p e r   m o l e c u l e ;   w h e r e i n   c o m p o n e n t s   (A)  a n d  

(B)  a r e   e m p l o y e d   in   q u a n t i t i e s   w h i c h   p r o v i d e   t h e  

r e s u l t a n t   m i x t u r e   w i t h   a  b r o m i n e   c o n t e n t   of  f r o m   2  t o  

20  p e r c e n t   by  w e i g h t .  

5 
5.  A  c o m p o s i t i o n   of   C l a i m   U  w h e r e i n  

c o m p o n e n t s   (A)  and   (B)  a r e   e m p l o y e d   in   q u a n t i t i e s   w h i c h  

p r o v i d e   t h e   r e s u l t a n t   m i x t u r e   w i t h   a  b r o m i n e   c o n t e n t   o f  

f r o m   7  to   12  p e r c e n t   by  w e i g h t .  

10 
6.  A  c o m p o s i t i o n   of   C l a i m   5  w h e r e i n   c o m p o n e n t  

(A)  i s   a  g l y c i d y l   e t h e r   of  3 , 5 - d i b r o m o - 2 ,   4 , 6 - t r i m e t h y l -  

p h e n o l ,   3 - b r o m o - 2 , 4 , 6 - t r i m e t h y l p h e n o l ,   3  5 5 - d i b r o m o -  

p h e n o l ,   3 - b r o m o p h e n o l ,   3 - b r o m o - 2 ,   4 , 5 , 6 - t e t r a m e t h y l -  

15  p h e n o l ,   3 , 5 - d i b r o m o - 2 , 4 , 6 - t r i e t h y l p h e n o l ,   3 - b r o m o -   , 

2 , 4 , 6 - t r i - e t h y l - p h e n o l   or  a  c o m b i n a t i o n   t h e r e o f   a n d  

c o m p o n e n t   (B)  i s   an  e p o x y   n o v o l a c   r e s i n ,   a  t r i g l y c i d y l -  

e t h e r   o f   t r i ( h y d r o x y - p h e n y l ) m e   t h a n e .  

20  7.  An  e n c a p s u l a t i n g   f o r m u l a t i o n   w h i c h  

c o m p r i s e s  

( I )   an  e p o x y - c o n t a i n i n g   c o m p o s i t i o n   s e l e c t e d  

f r o m  

(A)  an  a d d u c t   of   any   one   of  C l a i m s   1  t o  
25  3,  a n d  

(B)  a  m i x t u r e   of  any   one   of  C l a i m s   4 - 6 ;  

a n d  

( I I )   a  c u r i n g   a m o u n t   of  a  c u r i n g   a g n e t   f o r  
 ̂ c o m p o n e n t   ( I )   . 

8.  An  e n c a p s u l a t i n g   f o r m u l a t i o n   of  C l a i m   7  

w h e r e i n   c o m p o n e n t   ( I I )   i s   a  m a t e r i a l   h a v i n g   an  a v e r a g e  

of   m o r e   t h a n   one   p h e n o l i c   h y d r o x y l   g r o u p .  
3 5  

3 M , 5 9 5 - F   - 1 8 -  



0 2 4 2 6 9 7  

- 1 9 -  

9.  An  e n c a p s u l a t n i g   f o r m u l a t i o n   of  C l a i m   8 

w h e r e i n   c o m p o n e n t   ( I I )   i s   a  p h e n o l - f o r m a l d e h y d e   n o v o -  

l a c   r e s i n .  

10.  A  c u r e d   e n c a p s u l a t i n g   f o r m u l a t i o n   of  a n y  

one  of  C l a i m s   7  to  9 .  

10 

15 

2 0  

2 5  

3 0  

3 5  
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